Summary. The guinea-pig uterine artery responded to acetylcholine (ACh) with vasodilatation only during pregnancy or after oestrogen treatment. Even with high doses (1 mg/day) oestradiol-17\g=b\ esters had to be administered for several days to effect sensitization to ACh, but oestradiol-17\g=b\ itself was active within a few hours. Oestriol was equipotent with oestradiol. Sensitization was prevented when protein synthesis was inhibited over the period of oestrogen administration, but was not dependent on the integrity of the cholinergic vasodilator nerve supply to the artery.
Introduction
Oestrogens produce dilatation of the uterine vascular bed in a variety of species (Markee, 1940;  Boreil, Fernstrom & Westman, 1953;  Dickson, Bosc & Locatelli, 1969; Greiss & Anderson, 1970 ; see also Bell, 1974a) , and this probably contributes to the progressive and sustained increase in uterine blood flow that occurs during pregnancy. In the guinea-pig, the uterine arterial vessels are innervated by cholinergic vasodilator nerves, but the arterial muscle is responsive to acetylcholine (ACh) of neural or extrinsic origin only during the second half of pregnancy (Bell, 1968) . This suggests that any physiological role for the dilator nerves would be one related to reduction of uterine vascular resistance during pregnancy. Responsiveness to ACh can be produced in uterine arteries from virgin animals by chronic administration of oestradiol-17ß (Bell, 1973) . Therefore, the contribution of oestrogens to the uterine hyperaemia of pregnancy in guinea-pigs is likely to be mediated through effects on ACh receptors.
The present paper reports the results of some experiments carried out to investigate the mechanism of action of oestrogens on ACh responsiveness in the guinea-pig uterine artery.
Materials and Methods
Isolated parametrial arteries from adult (350-500 g) virgin guinea-pigs were perfused with saline Oestrogen administration was by intramuscular injection in arachis oil. The compounds used were oestradiol-17ß (Sigma, St Louis, Missouri), oestradiol-17ß benzoate (Sigma), oestradiol-17ß valerate (Primogyn Depot: Schering, Tempe, New South Wales), oestradiol-17ß dipropionate (Sigma) and oestriol triacetate (Sigma).
Unilateral cholinergic denervation of the parametrial arteries was performed surgically under anaesthesia as described by Bell (1974b) . At least 4 days was allowed after operation for neural degeneration to occur before ACh responsiveness was assessed or oestrogen treatment was initiated. After perfusion, the efficacy of denervation was confirmed by the absence of a perivascular plexus of acetylcholinesterase-positive axons in the operated artery and its presence in the contralateral control vessel (Bell, 1974b) .
Results

Responsiveness to ACh
As reported previously (Bell 1968 (Bell , 1973 0, 6, 6, 13, 16, 18, 39, 56, 140 
Effects ofcholinergic denervation
By 9 days after unilateral section of the cholinergic nerves supplying the uterine artery in 4 animals, there was no response to ACh in control or denervated arteries (controls: 0, 0, 0, 6%; contralateral denervated: 0, 0, 0, 4%). In a further 7 animals, several days after unilateral denervation, oestradiol-17ß valerate was administered at 1 mg/day for 7 days. In every animal, sensitization to ACh occurred in both arteries, although the degree of sensitization obtained in all but one animal was greater in the control artery (controls: 17, 31, 39, 43, 65, 70%, mean 36 ± 9%; equivalent denervated: 6, 13, 48, 10, 20, 50%, mean 20 ± 7%).
Discussion
In the initial study of oestrogen-induced responsiveness to ACh of the uterine artery, a striking feature was the need for prolonged treatment with massive doses of hormone (Bell, 1973) . The present results suggest at least partial explanations for these requirements. While each of the oestradiol-17ß esters tested had to be administered for several consecutive days in order to produce an effect, a single dose of similar size of oestradiol-17ß itself was effective within [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] h. This indicates that the latency of action of the esters is dictated by the low bioavailability of the hormone molecule itself. It is probable that sensitization occurs in considerably less than 6 h once the hormone is present in the bloodstream. Sensitization to ACh in a proportion of animals 1 h after intramuscular administration of 10 mg oestradiol-17ß has been observed (C. Coffey, unpublished observation). In the sheep the uterine dilator effect of oestrogens appears within 30-40 min after intra-arterial administration (Killam, Rosenfeld, Battaglia, Makowski & Meschia, 1973) , although ACh receptors do not appear to be involved in this species (Nuwayhid, Brinkman, Woods, Martinek & Assali, 1975) .
Even using the parent hormone oestradiol-17ß rather than one of its esters, rapid sensitization to ACh required extremely large doses of hormone, relative to the estimated figure of 2-6 µg/day for oestrogen production during pregnancy in the guinea-pig (Challis, Heap & Illingworth, 1971) . It has been suggested previously that this could be due to mediation of the sensitizing effect by an oestrogen other than oestradiol-17ß (Bell, 1973) . Hechter & Halkerston (1964) drew attention to the fact that, while oestradiol-17ß is by far the most potent oestrogen in terms of uterotrophic activity, it is almost matched by oestriol in potency with regard to induction of uterine hyperaemia and water imbibition. In the sheep uterine artery the dilator potencies of oestradiol-17ß and oestriol are similar (Resnik, Killam, Battaglia, Makowski & Meschia, 1974) . It is therefore of interest that in our experiments, oestriol was as effective as oestradiol-17ß in sensitizing the muscle to ACh, while having no obvious uterotrophic effect even at the large dosage used. It is tempting to suggest that oestriol rather than oestradiol mediates the sensitization to ACh which occurs during pregnancy. The low potency of exogenous oestradiol may reflect its metabolic fate: only a very small proportion of administered oestradiol-17ß appears to be converted to oestriol in guinea-pigs, most being converted to oestrone (Stoa & Borjesson, 1971 (Bell, 1968) . This could be interpreted as evidence that the ACh receptors necessary for dilatation are already present in non-sensitized animals, and that the obligatory protein synthesis during sensitization involves molecules which control receptor function rather than their existence per se. On the other hand, in the hypothalamus, oestrogen treatment has been reported to increase the number of neuronal ACh receptors, as measured by ligand binding (Rainbow, Degroff, Luine & McEwan, 1980) . In either case, it is unlikely that the requirement for protein synthesis merely reflects a generalized arterial hypertrophy in the presence of oestrogen, with consequent proliferation of all membrane components. Although during pregnancy the uterine arterial dimensions increase considerably (see Moll & Espach, 1981) Grampp, Harris & Thesleff, 1972; Harris, 1974; Hughes & Carr, 1978) . In smooth as in skeletal muscle, chronic interruption of cholinergic neural activity results in increased numbers of active muscle membrane ACh receptors (Sachs, Kloog, Korczyn, Heron & Sokolovsky, 1979) , indicating that normally the nerve inhibits production of receptors or their functional expression. As the guinea-pig uterine artery receives a cholinergic nerve supply, some transynaptic process might be involved in the enhancement of ACh responsiveness produced by oestrogens. However the present results do not support this. Chronic surgical denervation of the vessel did not itself induce responsiveness, indicating that the normal insensitivity to ACh is not due to a neuronal influence. Furthermore, denervation did not prevent the sensitizing effect of subsequent oestrogen treatment. Therefore, the action of oestrogens appears to be exerted on the muscle cell directly. Nevertheless, as activation of ACh receptors in vivo is unlikely to occur through ACh from extraneuronal sources, any physiological role for the oestrogen-induced responsiveness is almost certainly dependent on neural activity.
